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Abstract 
Newly prepared hydrophobic adsorbents have been proposed as CO2 adsorbents for the separation of CO2 from 
high pressure gas. From the CO2 separation experiment using CO2-N2 and CO2-H2 mixed gas flow, it was confirmed 
that the synthesized adsorbent (RITEsorb-1) was effective for the CO2 separation from the gas flow in the presence 
of water vapor. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
The gradual increase in the atmospheric concentration of carbon dioxide (CO2) due to fossil fuel combustion is 
becoming a serious environmental problem. Capture and sequestration of CO22 has been considered as one of the 
options to reduce CO2 emission. Various processes, such as liquid solvent absorption [1], membrane separation [2], 
and pressure (and/or temperature) swing adsorption (P(T)SA) [1,3], have been proposed for the separation and 
recovery of CO2 emitted by power plants.  However, the costs of CO2 separation from flue gases account for 
approximately 70–80% of the total energy cost for CO2 sequestration. Particularly, absorption using aqueous amine 
solution, is energy intensive: to regenerate the absorbent, the temperature of a large volume of aqueous solution 
must be changed.
Therefore, it is important to develop new energy-efficient techniques for CO2 separation. Pressure swing 
adsorption (PSA) process has various advantage: high chemical resistance of the inorganic adsorbent, easy start-stop, 
low running cost, etc. However, traditional PSA using polar hydrophilic adsorbent, is also energy intensive: to 
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regenerate the absorbent, the partial pressure of CO2 must be changed by the vacuum pump. In addition, a 
dehumidification process which consumes approximately 30% of total energy is necessary for the conventional PSA 
process using hydrophilic 13X zeolite, because water vapour is adsorbed more strongly than CO2 on 13X zeolite 
surface.  Therefore, a new adsorbent [4–15] that preferably adsorbs CO2 in the presence of water vapor is desirable 
for the development of a simple and energy-efficient CO2 removal process that will eliminate the dehumidification 
step.
In this study, newly prepared hydrophobic adsorbents have been proposed as CO2 adsorbents for the separation 
of CO2 from high pressure gas (Fig.1). Proposed process is expected to reduce CO2 separation energy, because the 
power consumption of the vacuum pump can be eliminated for the adsorption process from high pressure gas. 
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Fig.1   Energy-saving CO2-PSA process. 
2. Experimental 
N2 adsorption–desorption isotherms were measured at 77 K by an automatic adsorption system (ASAP 2020, 
Micromeritics). Before measurements, the samples were kept under a vacuum at 473 K for 3 h. The surface areas 
and the pore size distributions were calculated by the BET and BJH method, respectively. The total pore volume 
was calculated from the amount of adsorbed N2 at P/P0 = 0.97. CO2 adsorption isotherms were measured by high 
pressure type adsorption system (Belsorp BG, BEL Japan Inc.) 
The isotherms of adsorption of each of 2 mixed components gases with different molecular weights can be obtained 
by combination of gravimetric and volumetric method. For the measurement of wet condition, H2O was preadsorped 
to the samples and then CO2 was introduced to the samples. 
The adsorption capacity of the adsorbent was determined by a flow method using CO2–H2O–N2 (or H2) or CO2–
N2 (or H2) mixtures(Fig.2). A typical procedure using a CO2–H2O–N2 mixture was as follows. An dsorbent (2.8 g, 
on dry basis) was placed in a stainless tube (7.6 mm inner diameter) and heated at 423 K for 1 h in a Ar flow, and 
then cooled to 313 K. A mixture of saturated H2O with Ar balance was passed over the adsorbent at 313 K until the 
adsorbent was saturated with water vapor, and then the gas flow was switched to a mixture of CO2 and H2O with N2
balance (CO2:N2 = 50:50, total pressure; 1.6 MPa, SV=16.5h
-1). The breakthrough curve of CO2 was obtained by 
analysing the effluent gases using a gas chromatograph (GC-332, GL science Inc.) equipped with a gaskuropack 54 
column (2 m) and a TCD detector. In the case of measurement with a CO2–N2 (or H2) mixture, a mixture of CO2
with N2 (or H2) balance was passed over the dried adsorbent without pre-adsorption of water vapor. 
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Fig.2    Experimental apparatus of the CO2 separation measurement 
1. Mass flow controller, 2. Stop valve, 3. Pressure Gauge, 4. Saturator, 5. 4 way valve 
6. tape heater, 7. electric furnace 8. reactor 9. thermocouple 10. temp controller 
11. resistor valve 12. 6 way valve 13. gas chromatograph 
3. Results and Discussion 
As shown in Fig.3, 13X zeolite strongly adsorb both CO2 and H2O and had a Langmuir-type adsorption 
isotherm. The CO2 adsorption capacity of hydrophilic zeolite is completely lost with the coexistence of water; 
therefore, a new adsorbent that preferably adsorbs CO2 in the presence of water vapor is desirable for the 
development of a simple and energy-efficient CO2 removal process that will eliminate the dehumidification step. To 
date, various kinds of porous materials (high silica zeolites, MOFs, amine-grafted mesoporous silicas) have been 
proposed as CO2 adsorbents. In this study, newly prepared hydrophobic adsorbents have been proposed as CO2
adsorbents for the separation of CO2 from high pressure gas. 
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Fig.3 CO2 adsorption isotherms of zeolite 13 X in dry condition (open symbol) and in the 
presence of water vapour (solid symbol) at 313 K.. 
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We have been undertaking a simulation forecast of the optimum pore structure for CO2 separation and 
investigating the synthesis method for a new type of porous material effective in CO2 separation. Based on the 
simulation results, we have selected a number of candidate structures for use in CO2 separation. They can overcome 
such obstacles to adsorption processes. Hydrophobic adsorbents have an advantage over traditional adsorbents such 
as activated carbon and zeolites because they can adsorb CO2 in the presence of water vapour, which is usually 
present in flue gases from fossil fuel combustion. Furthermore, vacuum pump can be eliminated for the adsorption 
process from high pressure gas.  
The adsorption capacities of the synthesized adsorbent for CO2 and H2O were evaluated under static condition 
at 313 K. As shown in Fig.4, it was confirmed that the adsorbent synthesized in our study had a hydrophobic 
property and adsorbed considerable amounts of CO2 under high CO2 pressure. It was also confirmed they adsorbed 
CO2 even in the presence of water vapor.  
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Fig.4 CO2 adsorption isotherms of zeolite 13X and the prepared adsorbents (RITEsorb-1)  
           in the presence of water vapour at 313 K.. 
From the CO2 separation experiment using CO2-N2 and CO2-H2 mixed gas flow (50:50, 1.6 MPa), it was 
confirmed that the new adsorbent was effective for the CO2 separation from the gas flow in the presence of water 
vapor.  As shown in Fig.5 breakthrouh time of CO2 was much higher than N2 (and H2) even in the presence of the 
water vapor.  From the desorption measurement, it was confirmed that CO2 was separated form these mixtures by 
the simple pressure swing operation (1.6 MPa (adsorption) to 0.1 MPa (desorption)).  
From the simulation study taking the heat of adsorption into account, energy requirement for CO2 separation 
is expected to be very low compared with traditional method. Power consumption to separate 1 kg of CO2 was 
estimated in consideration of only the energy obtained as power when recovered CO2 flowed in the turbine.  As a 
result, power consumption was estimated about 200 KJ/Kg-CO2 for the atmospheric pressure desorption.  
Evaluation of the process cost is now in progress using two tower type continuous adsorption-separation 
experimental apparatus. 
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Fig.5   Breakthrough curves of the CO2 and N2 for RITEsorb-1 in the presence of water vapor. 
Tempereture: 313 K, total pressure: 1.6 MPa, CO2:N2 =50:50, 0.05cm/sec. 
4. Conclusion 
We have successfully prepared a new CO2 adsorbent (RITEsorb-1) for the separation of CO2 from high 
pressure gas.  RITEsorb-1  was effective for the CO2 separation from the high pressure gas flow in the presence of 
water vapor and the power consumption was estimated about 200 KJ/Kg-CO2 for the atmospheric pressure 
desorption. From these result, it was found that the proposed CO2 separation process has a great potential to 
decrease energy consumption compared with a traditional CO2 separation method. 
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